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ABSTRACT 



The present invention involves a system and method for 
determining a position of an object. The system comprises at 
least one ground transmitter configured to generate ground 
transmitter position signals comprising position informa- 
tion. The at least one ground transmitter has a known 
position. The system also comprises at least one ground 
transceiver having a known position and configured to 
receive the ground transmitter position signals and transmit 
ground transceiver position signals that are synchronized to 
the clock of the at least one ground transmitter. The object 
is configured to receive the ground transmitter position 
signals, the ground transceiver position signals and calculate 
the position of the object based on the received signals and 
the known positions of the at least one ground transmitter 
and the at least one ground transceiver. 

24 Claims, 5 Drawing Sheets 
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NETWORK OF GROUND TRANSCEIVERS BRIEF DESCRIPTION OF THE DRAWINGS 

„ . ATlvm „ ___ tVT , rr . fcTrT ^^ VI FIG. 1 illustrates one embodiment of a radiodetermination 

BACKGROUND OF THE INVENTION system (A) of ±e present comprising at least one 

1 Field of the Invention S round transmitter (GT*,), and a plurality of ground trans- 
^ . , . 5 ceivers (GT,). 

Tne present mvention relates in general to radiodetermi- CIP , / , . / ^ rTA . . 

r , , . . . L j FIG. 2 shows a ground transceiver (GT) comprising a 

nation systems and in particular, to an apparatus and method nseudolite 

for providing radiodetermination using a system of net- „ r _ _ ' t 

worked ground transceivers located in known positions that, FIG - 3 llhlstrates ( , a second embodiment of the radiode- 

alone or with a plurality of Satellite Positioning System 10 krmination system (A) of the present invention, comprising 

satellites, allows a ttter to precisely determine its position at lea f two g'°™d transmitters (GT„) and at least one 

location, its timing, and/or its velocity. ^und transceiver (GT,). 

2 Prior Art depicts a third embodiment of the radiodetermi- 

nation system (A) of the present invention comprising a 

The art of surveying involves the determination of an plurality of ground transmitters (GTJ and at least one 

unknown position from angular and distance measurements 15 g rounc j transceiver (GTJ. 

taken from one or more reference positions. The Global FIG. 5 depicts a fourth embodiment of the radiodetermi- 

Positiomng System (GPS) is a widely used satellite-based nation tem (A) of the , mveDtion ^ a 

navigational system consisting of a network of satellites luralit of d transceivers (GT) and at least one 

, broadcasting pseudo-random noise (PRN) codes modulated satellite 

on an L-band carrier (LI, 12). A GPS receiver uses mea>) 20 " . 

— — li^L r _ _ ,^ . . - ■ - - FIG. 6 illustrates an alternative embodiment (System B) 

surements of the PRN coae=phase and carner-Dhase~from c ^ ,. , ... 4 r . V . J . ' 

r ^Vn^— f~^-^ . . of the radiodetermination system of the present invention. 

<four"ormore satellites to solve for the~three-dimensional „ . . tl » ir. * i . * J 

s ... -, j . ,/ "i-u * •* comprisuig at least one satellite, at least one master ground 

position-of the-receiver and-to- calibrate its~internal time: t r * n *™iuJ? sr-r \ ^ , „i„,/i;t„ ~f „ n „,l'„ 0 „ 

V- r .~— ™. ™ 0 . . , 1 . r . transmitter (GTJ, and a plurality of ground transceivers 

reference. The GPS receiver determines velocity from mea- (qt\ 

surements of the carrier phase and doppler shifts. The 25 

accuracy of a location as provided by the GPS approach is DETAILED DESCRIPTION OF THE 

limited by the ^errors "oiTthe GPS signals and the geometry INVENTION 

established by the positions of the satellites relative to the !• System A 

user. FIG. 1 illustrates a System A (10) comprising a master 

For instance, there are areas of limited visibility of the sky 30 Z* 0 ™ 6 transmitter GT^ 12, N-number of ground transceiv- 

where the user can observe and receive the satellite signals ere < GT " where * ■ ' - D ) ( 20 > 22 > 24 > 26 )> a user that has 

from only a limited number of Satellite Positioning System a receiver (collectively referred to as the user 30 ), an N 

(SATPS) satellites. Thus, in such an area, it is impossible for number of communication links (L(GT>, where i-l, . . . , 

the user to precisely solve for the three-dimensional position *0 ( 40 > 42 ' 44 ' 46 ) between the GT^ 12 and each transceiver 

of its-receiver, to calibrate" its internal'time reference, or to 35 GT » a communication link L(GT^)u (50) between GT^ 12 

determine~its~velocity - " — ' anc * V§er30^and N number of communication links 

^Moreover, there are instances where the user does not ^^^/om ' ' ' ^ (52 ' 54> 56 ' 58) 

have accessibility to any of the satellites or accessibility to / „ . wi!i\ :i _ /-i«v— j-„ «— 

, t / . J . . . „, t M . t . J , In (System A (10), ; theauser (30) ^utilizes data provided by 

equipment for observing and receiving the satellite signals An L a* ■ il A : 7ii\ ~T7i_ ' ' '•" 
c *u o a ryT , c * ii f t i « i irfc 40 the ground transmitter GTJ 12) and the ground transceivers 

from the SAPTS satelhtes. In such instances, the user must^ . . . , : ^ ' ^ • , . 

. . ,_ #t . t 4 . ' -~r~ -~ ■: GT £ to ob tarn ^positional information. It is assumed that the 

rely on other navigational systems to precisely solve for its- ^ \ , , 

♦ir 7 — * i ■ * ru * •* i V- master ground transmitter GTjt/12) and each ground trans- 

three-dimensional position, to calibrate its mtemal time . ™ . . ^ • ^ 

c * j . • ■* I -* ceiver GT, precisely knows its location. The master ground 

.reference or to determine its velocity. . ... 1 ^™ L A . , . . ^ 

J transmitter GT Af (12) and each ground transceiver GT ; are 

Accordingly, there is a need in the technology for an 45 surV eyed in order to obtain these precise locations. The 

apparatus and method of providing radiodetermination using master ground transmitter GT«(l-2) provides a master clocT 

a system of networked ground transmitters located in well- signal to whiclfthe ground transceivers GT- are slaved. As 

loiown positions that, alone, or together with at least one a resultj the clock bias CB of each gr0U nd 'transceiver GT, 

visible SATPS satellite; aUows the user to precisely deter- ^ identical to the clock bias of the clock bias CB" of 

r mine its position location, its timing, and/or its velocity. 50 GT^12) or is off by a known delay. It is apparent to one of 

BRIEF SUMMARY OF THE INVENTION ordinary skill in the art that the groun£transmitter GTJ12) 

may be implemented using a transceiver, and that the ground 

The present mvention involves a system and method for transceivers GT, can include any^deyj^ga^able^f^gener- 

determining a position of an obj ect. The system comprises at - atmg^and^recervine^ignais for pr ( o^imn^r S^^^ inS^ 

least one ground- transmitter configured to generate ground ssTind/or velocity mformation'af the user's (30) locSSon^ 

transmitter position signals comprising positibn~informa- The master ground transmitter GT Af (12) uses a commu- 

tion. JThe at least one ground transmitter -has a known T nication link I^GT^i (40, 42, 44, 46) for transmitting the 

position. The system also comprises at least one ground ' I^GT^i signals to each GT, (20, 22, 24, 26). The master 

transceiver having a known "position and configured to' ground transmitter GT^ 12 further uses a communication 

receive the ground transmitter position signals and transmit 60 link l^GT^u (50) for transmitting the L^GT^u signals to 

ground transceiver position signals that are synchronized to the user 30. Similarly, each ground transceiver GT, uses a 

the clock of the at least one ground transmitter. The object communication link L(GT,)u (52, 54, 56, 58) for transmit- 

is configured to receive the ground transmitter position ting the L(GT,)u signals to the user (30). The communica- 

signals, the ground transceiver position signals and calculate tion links L^GT^i, I^GT^u, and/or L(GT,)u can be imple- 

the' position of the object based|on~the received signals and 65 mented using a variety of different embodiments, 

the known-positions of the at least one ground transmitter In general, any one or all of the communication links 

and the at least one ground transceiver. L^GT^i, l^GT^u, and/or L(GT^u can employ a radio 
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wave frequency band, an infrared frequency band, or a of looking up that information based on the GT, (IDi) 

microwave frequency band. In one embodiment, any one or number (PRN code can be used as an (ID,) number). The 

all of the communication links I^GT^i, L(GT^)u, and/or master ground transmitter GTM( 12 ) may also be imple- 

L(GT,)u can include the ISM (industrial scientific medical) mented using the pseudolite (100). 

unlicensed operation band, including 900 MHz, 2.4 GHz, or 5 In particular, a synchronization signal r^ (102) provided 

5.8 GHz bands, wherein the user can own both ends of the by GT^ 12) and received by receiver circuitry (103) is first 

ISM communication system. The ISM technologies are provided to a pulse generating circuit (106) in the pseudolite 

manufactured by Trimble Navigation Limited, Sunnyvale, (100). The pulse generating circuit (106) in turn provides a 

Calif., Metricom, Los Gatos, Calif., and by Utilicom, Santa synchronized pulse to a number of other circuits within the 

Barbara, Calif. 10 pseudolite (100), including a Transmitting Data Generating 

In another embodiment, any one or all of the communi- circuit (108), a PN Code Generating circuit (110) and a 

cation links I^GT^i, L^GTj^u, and/or L(GT,)u can employ Pseudo GPS signal Generating circuit (112). A reference 

a 1.8 GHz band that supports the personal communications oscillator (104) pro vid es r^g^ce^timin^f^nal^for the 

services (PCS). The PCS uses the international standard pdse^genera^g^ifcSI^'Ofi). The Tr^nsmitting-Data"Gen- 

DCS-1800 and PCS-1 900. In yet one more embodiment, any 15 erating circuit (108) generates a signall^^^taimhgTinfor- 

one of the communication links I^GT^i, l^GT^u, and/or mation such as location and ID is intended "for inter radio ^ 

L(GT,)u can include a real time circuit switched communi- transmission between each ground transceiver GT, and the 

cation link. For instance, any one of the communication user (30). The signal \ GT is ; provided to the'Pseudo GPS^ 

links L(GT^)i, l^GT^u, and/or L(GT,)u employing a real Signal 'Generating corcmt^ili), which generates a Pseudo 

time circuit switched communication link can include the 20 GPS signal, while the PN CddPfeeneratirig circuit' (110) 

Iridium satellite system produced by Motorola, modulates the Pseudo GPS Signal with its own unique PRN 

Schaumburg, 111. In one additional embodiment, any one of code. The resulting signal containing both the PRN code arid 

the communication links L(GT A/ )i, L(GT^)u, and/or the r GT information is mixed with a carrier signal provided 

L(GT,)u can employ a system of Low Earth Orbiting Sat- via Carrier Generating circuit (118) to provide an output 

ellites (LEOS), a system of Medium Earth Orbiting Satel- 25 signal r which is amplified via amplifier (120) and then 

lites (MEOS), or a system of Geostationary Earth Orbiting transmitted via antenna (122). 

Satellites (GEOS) which can be used to store and to forward LA. Minimum Structure of System A 

digital packet data. For instance, the LEOS systems in the 1. General 

20-30 GHz range are manufactured by Cellular Communi- The following discussion. is focused on the determination 

cations located in Redmond, Wash., and the LEOS systems 30 of the minimum structure including the minimum number N 

in the 1.6-2.5 GHz range are produced by Loral/Qualcomm of ground transceivers GT, necessary to sol^forlhe three- ; - 

located in San Diego, Calif. ^dimensional position of the user (30) and to calibrate its 

Any one of the communication links L(GT^)i, I^GT^u, ^internal time reference. A similar discussion can be focused ^ 

and/or L(GT,)u can also include a cellular telephone com- on the measurements of the range-rate and Doppler neces- 

munication means, a paging signal receiving means, wire- 35 sary to determine velocity of the user. The following equa- 

less messaging services, wireless application services, a tions to determine the minimum structure will be written 

wireless WAN/LAN station, or an Earth-satellite-Earth com- only f oTpseudo-ranges: A similar system of equations can be 

munication module that uses at least one satellite to relay a written for the carrier phase measurements. This carrier 

radio wave signal. phase system of equations yields the same result for the 

In another embodiment, any one of the communication 40 minimum structure if the carrier phase ambiguities can be 

links iXGT^i, L^GT^u, and/or L(GT,)u includes the eel- ^resolved without additional measurements, 

hilar telephone communication means that can include an The-pseudo-range signal PR ^^^^ received by the user 

Advanced Mobile Phone System (AMPS) with a modem. (30) V (FIG. 1) from the -master ground transmitter GTM 12 

The modem can comprise a DSP (digital signal processor) can be expressed as follows: 

modem in 800 MHz range, or a cellular digital packet data 45 v 
(CDPD) modem in 800 MHz range. The cellular digital 

communication means includes a means of modulation of pRi/je* m -R « M +CB A, +CB c/5£ - w +M as£rff m +ti user „ (i) 

digital data over a radio link using a time division multiple 

access (TDMA) system employing format IS-54, a code where 

division multiple access (CDMA) system employing format 50 

IS-95, or a frequency division multiple access (FDM A). The r" ser = yj{X USEf < - )* + (W - Kg™ ¥ + (Zvser - Zgtm ) 2 m 
TDMA system used in Europe is called Groupe Special 
Mobile (GSM) in French. 

In the preferred embodiment, each ground transceiver GT, R^/ is the^ominal" true range between user (30) and 

can be implemented using a pseudolite (100) depicted in 55 the master ground transmitter GT^XU), wherein X USERi 

FIG. 2. As shown in FIG. 2, the pseudolite GT, generates and Y USER , and Z USER are the unknown user's coordinates, and 

trlnsmits pseudo-GPS signals. The pseudolite GT, may also K^tm* ^gtm> and ^j^are the known coordinates of each 

be configured to receive.psuedo-GPS signals. In the simplest transceiver GT /t 

approach; ground transceiver/pseudolite GT, transmits on CB^ is the clock error of the master ground transmitter 

L-band (i.e., the GT -band is the GPS signal band, for eo GTjvX 12 ); 

instance L2 frequency) and modulates that signal with its C^usex is the clock error of the user's receiver (30); 

own unique PRN code. This code can provide anti-jamming ^user^ is me multipath error in the user's receiver (30); 

capability and also serve as an identification of a particular and 

(i) GT, as a source of the signal. The L(GT,)u signal can be T\usEit M th c receiver noise error in user's receiver (30). 

modulated with the data that allows a user to learn the 65 The pseudo -range signal PR^y^GTy) received by the 

precise coordinates of the GT, location. The precise location user 30 (FIG. 1) from each of a j -number of ground 

can be omitted from the GT, output data if the user is capable transceivers GTj can be expressed as: 
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PRusatiGTj)* 

RusERiGT^+CB^-^CBusER + lMSFs^ + ^g) where 

R USER {GTj) = 

yj {(XUSER - ^CTj) 2 + {YuSER ~ *C7?J 2 + &USER ~ZcTj¥) 



where: 

(3) m*^*7 can be considered a constant, since there is no 
relative motion between the master ground transmitter GT^ 
and each ground transceivers GT,. 

( 4 ) 5 Therefore, M M ' GTj can be absorbed into the line bias error 

LB* 777 , and we obtain; 



represents the "nominal" or true range from the user (30) pr^-r^-zcb^lb^"^^ 

to the transceiver GT (> wherein X USER , and Z USER are 10 pr^v^ctj^m^otj M , crj 

the unknown user's coordinates, and X G7 ~, Y GJ y, and Z Grj - 

are the known coordinates of each transceiver GT ; ; By driving ^ value t0 me fol . 

CB cr/ being slaved to GT,,, represents a known clock lowin expression & obtained 
bias associated with the transceiver GT y -'s clock; 



15 



user's imprecise clock; CB*'o(CB G77 +Ty w ' or ') (7) 
My^ 017 is the multipath error in the user's receiver 

(30); and Eqn. (7) indicates that the clock at the ground transceivers 

v)user G7) is the receiver noise in the user's receiver (30). GT, can be synchronized or set to the clock of master ground 

Eqns. (3) and (4) can be written for each of the N-number 20 transmitter GT^ with an offset equal to the line bias LB OTy 

of ground transceivers GT,-. In the preferred embodiment, while maintaining the same value of the receiver noise 

the user's clock bias CB^^ is an unknown variable (r\ MtGTf ) for the ground transceiver GT y . 

because the user's clock is imprecise. If the ground trans- 3. Radiolocation Based on Multiple Master Ground 

ceivers GT,-, which are slaved to GT^(12) are coherently Transmitters GT^ 

synchronized to the master ground transmitter GT^'s clock, 25 The line bias LB G7) can be solved by either continuous 

i.e. CB GTj is equal to CB^, then there will be only four calibration, where a reference signal is passed through the 

unknowns: X^^, Y^^, Zuser and tne quantity {(CB^+ transceivers front end and the delay measured, or by the 

cb user) j Tq solve for ^ QSQ four mji^owus^ a minimum of inclusion of another master ground transmitter GT^. In the 

one master ground transmitter, GT^ and three ground trans- following discussion, GT^ of FIG. 1 will be represented by 

ceivers GT, are required in System A. 30 GT^ and a second master ground transmitter GT^ is 

Thus, Eqns. (l)-(4) allow one to determine the minimum introduced, as shown in FIG. 3. 
structure of the system (A), which is the combined number The pseudo-range signal PR^^^ 1 , received by the 
of ground transceivers GT ; needed along with the master user (30) from GT is 
ground transmitter GT^/12), for the differential determina- 
tion of the position of the user. 35 

Details of such a minimum structure is provided below. PR^ c ^-Rw^ GW1 +CB crAft +CB t/J „+M C ; 5£Jlt C7W1 + 

2. Radiolocation Based on 1 Master Ground Transmitter Vusat 0 ™ 1 (8) 
GT M and 3 Ground Transceiver GT ( that are slaved to GT^ 

If the ground transceivers GT ( - are not perfectly synchro- ^ pseudo-range signal PRuser 0 ™ 2 received by the 

nized to master ground transmitter GT^ clock, i.e. CB, of 40 user ( 30 ) & om g Tm2 
Eqn. (2) is not equal to CB^, then: 



CB^+CB^+M^™* 2 * 

CB^-CB^LB* 7 ^ iiusER C ™ 2 (9) 

45 

where LB* 777 is the line bias which is any unaccountable The pseudo-range signal PR USE ji GT1 > received by the user 

hardware delays, such as front end delays. (30) from GT1 is: 

The pseudo-range signal received by each of the ground 
transceivers GT y from the master ground transmitter GT^, 

PR MOT/ , can be expressed as: 50 p^-^^b^cb^m^/"^^" (10) 

^user GT1 ' OTM1 is mc pseudo -range measurement made 
PR M.c77. R «.cr> +CBW+(CBW+LB c;7 7)+MW . CT y +TlM .c73 (5) by ^ uscfs (30) recciver bascd on me rebroadcast of the 

w k ere . GT M1 signal by GT lf and can be expressed as: 

?R Af,orj jg a measured pseudo rang6j affected by clock 55 ^r iffmi _ CT , ^ cti , (U) 

errors, multipath and system noise. USE * USEH 

Since, the true disclosure or range between the master cb user + m^ k 

ground transmitter GTj^ and a ground transceiver GTy can be 

computed as: 

60 since 



R M W = yj (X« - Xctj? + (Yu - Ycrjf + (Z M - Zen? 

a pseudo -range residual can be computed as follows: 



65 

by the user's (30) receiver based on the rebroadcast of the 
PR */,cr_ R Af.c77 Bl2CB A/ +LB cry +M A/.CT7 +T1 «.or; ^ GT^ signal by GT A . 
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S), GTl's receiver, GT2's receiver, the user's receiver 

? +■ {CB 0 ™ 2 + ls ct/ )+- (vis-a-vis signal from GT1), the user's receiver (vis-a-vis 

W2 cti signal from GT^) respectively; and 

>* "Hl/SERS' "HCTI > ^\gT2 > ^It/SEK J anC ^ ^USER are the 

5 respective noise errors between: the satellite and the user, the 

„ satellite and GT1, the satellite and GT2, GT1 and the user, 

TWo pseudo ranges ?K USER GTM1 ' GT1 and PR user ' and GT2 and the user. 

en can be measured independently even though they are Thus, a single difference in pseudo-range between the 

generated by the same ground transmitter, GT ly as shown in user and GT1 and GT2 may be expressed as: 
FIG. 3, since each signal component can be identified by any 

of the multiple access techniques (such as CDMA, TDMA, 10 sd™-™ = pf ct/ - pr™ (20) 

etc.). USE * US£X USE * 

A single difference of Eqns. (11) and (12) can be = (*8g* - *wLf) + (ra CT ' -CiFV 

expressed as: art _ , 
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musER -Vuser ) GT2 may be expressed as: 



A single difference between the satellite and GT1 and 



Observe in Eqn. 13 that the clock errors (CB USER ) asso- 20 



dated with GTj drop out. m ^ _ ^ + {CB ar t _ cS an } + 

«®J - r*$$ = *SS - + < 14 > w ™ ' + + ^ 

(C^-CO + (C-C) 25 

Single-differenced Eqn. (20) contains the unknown quan- 
tity (J^usER OT1 '"^usEJiJ which is based on the location of 
In this manner, a radio location system based on 4 master user (30); this location includes 3 unknowns in spatial 
ground transmitters GT^, and a single ground transceiver domain. 

GT, slaved to the master ground transmitters GT^ may be (^gti-^oti) is a differenced clock bias between GT 2 
provided, as shown in FIG. 4, since there is a total of four 30 md GT 2 which k a single unknown value in the temporal 
unknowns: X^, Y^, Z USEJt and <CB° M -CB OT3 ») ^nain- If CIW =CB gr2 , then the quantity (CB GT1 - 
(clock unknown). CB <p) drops out from Eqn (23). 

4. Satellite-Based Networked Transceiver System Observe that in Eqn. (21), the variable PIW » not 

The radiolocation system comprising at least two ground US ™' r , , , 

transceivers as shown in FIG. 5 will now be discussed. In 35 Therefore, the user (30) does not need to track satellite, 
this embodiment, at least one satellite is relied upon by the ^y^ 01 ** 

ground transceivers; however, the user need not track the nG . 6 Mnti*" » s y stem B (»0). 4 mast « e r °™ d 
satellite signals transmitter GTM (512), an N-number of ground transceivers 

Hie pseudo-ranges m usER s from the Satellite S to the ( GT » where *-}• ■ ■ ■ • *0 (520, 522, 524, 526), a user that 
user 30; FR^* from the Satellite S to ground transceiver 40 has a receiver (collectively referred to as the user 530), an 
GT1; and PR G „ 3 from the SateUite S to the ground trans- N numb « , rf J"™™?*'^ lmks W 01 ^) 1 ' ^ here 
reivers GT2 S be expressed as follows: ^ • ■ ■ >^0 (540, 542, 544, 546) between the GTM 112 and 

each transceiver GT,-, a communication link L^GT^u (550) 
between GTM 512 and the user 530, and an N number of 
PRi/W-Rt/W+CB^+CB usEK+Musnf+tiussK 3 (l 5) 45 communication links (L(GT,-)j , where j -1 , . . . , N) (552, 554, 

556, 558) between each GT, and the user (530). 
VR cri s -R us£R s +CB 5 +CB cri +M CT1 s ^ G n s (16) M with ^ user ^o) in System A, the user (530) has 

PRcn'-W+CB^CBcn+Mo^^ (it) limited visibility of the sky. The satellite SM (510) provides 

a satellite clock signal which is received by the ground 
The pseudo-ranges from GT1 and GT2 to the user may be 50 transmitter GTM (512). In particular, System B utilizes data 
expressed as: provided by the satellite SM (510), the ground transmitter 

GT M (512) and the ground transceivers GT, to obtain 
positional information. It is assumed that the master ground 
transmitter GTM 512 and each ground transceiver GT, 
PR^« cra -Ra^ cra +CB c "^B a5 «+M USCT ^ +nu5Cff cra (19) ss precisely knows their respective position locations. The 

master ground transmitter GT M (512) and each ground 
where: transceiver GT,- are surveyed in order to obtain these precise 

Rvser S is m e "nominal" or the range between the user locations. An initialization signal that is supplied by the 
(30) and the satellite S; satellite S M (510) provides the necessary location informa- 

R<j T1 s is the "nominal** or true range between GT1 and the 60 tion to the ground transmitter GT^ and each ground trans- 
satellite S; ceiver GT,.. The satellite S M (510) also provides a clock 
R^r/ is the "nominal" or true range between GT2 and the signal to master ground transmitter GT^ 512 which in turn 
satellite S; provides a master clock signal to which the ground trans- 
CB^, CB^j-j and CB^y^ 

are the clock errors of the ceivers GT, are slaved. As a result, the clock bias CB Gn of 
satellite, GT1 and GT2, respectively; 65 each ground transceiver GT, is identical to the clock bias 

Muse/, M GJ /, M orz s , M USE x GT1 and M USEJt GTZ are the CB GTAf of the master ground transmitter GT^ (512). It is 
multipath errors in the user's receiver (vis-a-vis signals from apparent to one of ordinary skill in the art that the ground 
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transmitter GTj^ (512) may be implemented using a relatively short, coarser-grained code having a clock or chip 

transceiver, and that the ground transceivers GT t can include rate of f0/10=1.023 MHz. The C/A-code for any GPS 

any device capable of generating and receiving signals for satellite has a length of 1023 chips or time increments before 

providing ranging, timing, and velocity information at the this code repeats. The full P(Y)-code has a length of 259 

user's location. In the disclosed embodiment each of the 5 ^ a y s » with eacn satellite transmitting a unique portion of the 

ground transceivers (GT t ) includes a transmitter and a Mi P(Y)-code. The portion of P(Y)-code used for a given 

receiver. GPS satellite has a length of precisely one week (7,000 days) 

In one embodiment, the satellite (510) is part of the bcforc this codc portion repeats. Accepted methods for 

GPS, that is, a system of satellites that transmit information ^crating the C/A-code and P(Y) ; code are set forth in the 

from which an observer's present location, velocity, and/or 10 ^V^u D °™ Qnt lC P' G? t^r' P f M 

the time of observation can be determined with observer's ^^^S^^^ ^T* 

, * * - r 4 . Division, Revision B-PR, Jul. 3, 1991, which is incorporated 

receivers located on the Earth s surface or adjacent to the ^ reference herein 

Earth's surface. In another embodiment, the satellite S M ^ Gps sale]Utc bit stream mcbdcs Davigational mfor . 

£ ) t ^P lcm v e T nted ™ a "tellite that is part of the matio[1 on mc cp hemeris of the transmitting GPS satellite 

Global Orbiting Navigational Satellite System 15 an almanac for all GPS satellites, with parameters 

(GLONASS), which can operate as an alternative or an providing corrections for ionospheric signal propagation 

additional GPS system. delays suitable for single frequency receivers and for an 

The Global Positioning System (GPS) is part of a offset time between satellite clock time and true GPS time, 

satellite-based navigation system developed by the United The navigational information is transmitted at a rate of 50 

States Defense Department under its NAVSTAR satellite 20 Baud. A useful discussion of the GPS and techniques for 

program. A fully operational GPS includes up to 24 Earth obtaining position information from the satellite signals is 

orbiting satellites approximately uniformly dispersed around found in The NAVSTAR Global Positioning System, Tom 

six circular orbits with four satellites each, the orbits being Logsdon, Van Nostrand Reinhold, New York, 1992, pp. 

inclined at an angle of 55° relative to the equator and being 17-90. 

separated from each other by multiples of 60° in longitude. 25 A second alternative configuration for global positioning 

The orbits have radii of 26,560 kilometers and are approxi- is the Global Orbiting Navigation Satellite System 

mately circular. The orbits are non-geosynchronous, with (GLONASS), placed in orbit by the former Soviet Union 

0.5 sidereal day (11.967 hours) orbital time intervals, so that and now maintained by the Russian Republic. GLONASS 

the satellites move with time relative to the Earth below. also uses 24 satellites, distributed approximately uniformly 

Theoretically, four or more GPS satellites will be visible 30 in three orbital planes of eight satellites each. Each orbital 

from most points on the Earth's surface, and radio access to plane has a nominal inclination of 64.8 relative to the 

four or more such satellites can be used to determine an equator, and the three orbital planes are separated from each 

observer's position anywhere on the Earth's surface, 24 other by multiples of 120 longitude. The GLONASS circular 

hours per day. Each satellite carries a satellite clock includ- orbits have smaller radii, about 25,510 kilometers, and a 

ing a cesium or rubidium atomic clock to provide timing 35 satellite period of revolution of 8/17 of a sidereal day (11.26 

information for the signals transmitted by the satellite. Each hours), A GLONASS satellite and a GPS satellite will thus 

satellite clock includes a known clock bias CBSM and a complete 17 and 16 revolutions, respectively, around the 

known clock drift CDSM, because clock corrections are Earth every 8 days. The GLONASS system uses two carrier 

provided for each satellite clock. signals LI and 12 with frequencies of fl-(1.602+9k/16) 

Each GPS satellite transmits two spread spectrum, L-band 40 GHz and £2=(1.246+7k/16) GHz, where k (=0,1,2, ... 23) 

carrier signals: an LI signal having a frequency fl»1575.42 is the satellite slot number. These frequencies lie in two 

MHz and an L2 signal having a frequency f2=1227.6 MHz. bands at 1.597-1.617 GHz (LI) and 1,240-1,260 GHz (L2). 

These two frequencies are integral multiples fl=154 fO and The LI code is BPSK modulated by a C/A- code (chip 

f2=120 fO of a base frequency f0=10.23 MHz. The LI signal rate=0.511 MHz) and by a P(Y)-code (chip rate=5.11 MHz), 

from each satellite is a binary phase shift key (BPSK) 45 The L2 code is presently BPSK modulated only by the 

modulated by two pseudo-random noise (PRN) codes in P(Y)-code. The GLONASS satellites also transmit naviga- 

phase quadrature, designated as the C/A-code and P(Y)- tional data at a rate of 50 Baud. Because the GLONASS 

code. The L2 signal from each satellite is presently BPSK system has chosen the FD MA approach, there is no need for 

modulated by only the P(Y)-code. The nature of these PRN multiple P(Y) or C/A codes for different GLONASS satel- 

codes is described below. One motivation for use of two 50 lites. The methods for receiving, processing, and utilizing 

carrier signals LI and L2 is to allow partial compensation for the GLONASS signals are similar to the methods used for 

propagation delay of such a signal through the ionosphere, the GPS signals. 

wherein delay varies approximately as the inverse square of Reference to a Satellite Positioning System or SATPS 

signal frequency f (delay-f 2 ). This phenomenon is discussed herein refers to a Global Positioning System (GPS), to a 

by MacDoran in U.S. Pat. No. 4,463,357, which discussion 55 Global Orbiting Navigation Satellite System (GLONASS), 

is incorporated by reference herein. and to any other compatible satellite-based system that 

A signal transmitted by a particular GPS satellite is provides information by which an observer's position, 

tracked by generating and matching, or correlating, the PRN velocity, and the time of observation can be determined, all 

code for that particular satellite. All PRN codes are known of which meet the requirements of the present invention, 

and are generated or stored in GPS receivers used by ground 60 A Satellite Positioning System (SATPS), such as the 

observers. A first PRN code for each GPS satellite, some- Global Positioning System (GPS) or the Global Orbiting 

times referred to as a precision code or P(Y)-code, is a Navigation Satellite System (GLONASS), uses transmission 

relatively long, fine-grained code having an associated clock of coded radio signals, with the structure described above, 

or chip rate of f0=10.23 MHz. A second PRN code for each from a plurality of Earth-orbiting satellites. A single passive 

GPS satellite, sometimes referred to as a clear/acquisition 65 receiver of such signals is capable of determining receiver 

code or C/A-code, is intended to facilitate rapid satellite absolute position in an Earth-Centered-Earth-Fixed (ECEF) 

signal acquisition and hand -over to the P(Y)-code, and is a coordinate reference system utilized by the SATPS. 
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In the disclosed embodiment of the invention, the GT^ 4. The system of claim 1, wherein the position of the 
has both a transmitter and receiver and is thus configured as object includes velocity information of the object, 
a transceiver. In particular, GT^ has an SATPS receiver 5. The system of claim 1, wherein the position of the 
including a SATPS antenna. The SATPS antenna of GT^ object includes a timing coordinate of the object, 
receives positioning signals from the SATPS satellite 510 5 6. The system of claim 1, wherein said ground transmitter 
which are then rebroadcast by GT^ as a master positioning receives position signals from at least one satellite to gen- 
signal. The clocks of the transceivers GT U GT 2 , . . . GT„ are erate its known position. 

slaved to the master transceiver GTM clock signal, as in the 7. The system of claim 1, wherein at least one ground 

case of System A. transceiver comprising a first, second and third ground 

The preferred embodiment of the present invention also transceivers, each having a known location and configured 

includes a method employing the system (A) for accurate to receive said ground transmitter position signals and 

determination of the terrestrial position, timing coordinate, transmit corresponding first, second and third ground trans- 

and velocity of a user or object in real-time by transmitting ceiver position signals that are synchronized to the clock of 

signals from well-known locations. The method comprise said ground transmitter; 

the following steps. First, an N-number of ground transmit- wherein said object is further configured to calculate its 

ters GT,. and at least one master ground transmitter GT„ for ^ position based on the ground transmitter position sig- 

generating ground transmitter L(Gp signals for providing nals ^ ^ ^ second m6 third d transceiver 

ranging, timing, and velocity information at the user's position signals and the known positions of said at least 

location, are provided. one ground transmitter and said first, second and third 

The method can further include a step of providing a around transceivers 

synchronization signal to each GT.- in order to synchronize 20 0 ransceiyers. 

clocks for all ground transmitters. This synchronization step 8 * ^ W** °t claim 1, wherein the at least one ground 

can be performed by transmitting the synchronization signal ^~r farther comprising a first, second and third 

from the ground transmitter GT M . transmitters each having known locations and con- 

The method can additionally include a step of initializa- figured to generate corresponding first, second and third 

tion of each GT ( , that is, to provide the initial precise ^ ground transmitter position signals; 

location coordinates and the ID for each ground transmitter. wherein said object is further configured to calculate its 

The present embodiment also includes the method position based on the first, second and third ground 
employing a system (B) for accurate determination of the transmitter position signals and the at least one trans- 
terrestrial position, timing coordinate, and velocity of an ceiver position signals and the known positions of said 
autonomous vehicle in real-time by transmitting signals 30 first, second and third ground transmitter and the at 
from well-known locations. This method is similar to the least one ground transceiver. 

method employing the system (A), but includes the step of 9. The system of claim 1, wherein the at least one ground 
obtaining positioning signals from at least one satellite transceiver further comprising a first, second and third 
SATPS. ground transceivers each having known locations and con- 
Hie description of the preferred embodiment of this 35 figured to generate corresponding first, second and third 
invention is given for the purposes of explaining the prin- ground transceiver position signals; 
ciples thereof, and is not to be considered as limiting or wherein said object is further configured to calculate its 
restricting the invention since many modifications may be position based on the first, second and third ground 
made by the exercise of skill in the art without departing transceiver position signals and the at least one trans- 
from the scope of the invention, ^ mitter position signals and the known positions of said 
What is claimed is: first, second and third ground transceiver and the at 

1. A system configured to determine a position of an least one ground transmitter. 

object, comprising: 10. The system of claim 1, further comprising a base 

at least one ground transmitter configured to generate station having a known location and configured to calculate 

ground transmitter position signals comprising position 45 differential correction data signals based on said ground 

information, said at least one ground transmitter having transmitter position signals and transmit the differential 

a known position; correction data signal to said object; and wherein said object 

at least one ground transceiver having a known position is further configured to calculate its position based on the 

and configured to receive said ground transmitter posi- differential correction data signal, the ground transmitter 

tion signals and transmit ground transceiver position 50 position signals, the ground transceiver position signals and 

signals that are synchronized to the clock of said at least me known positions of the base station, at least one ground 

one ground transmitter; transmitter and at least one ground transceiver, 

said object configured to receive the ground transmitter 11 ^ system of claim 10, wherein said base station is 

position signals, the ground transceiver position further configured to calculate said differential correction 

signals, and calculate the position of the object based 55 data s ig nals based on said ground transmitter position sig- 

on said received signals and the known positions of nals and said ground transceiver position signals, 

said at least one ground transmitter and said at least one 12 - A method for determining a position of an object, 

ground transceiver. comprising: 

2. The system of claim 1, wherein the object calculates its generating ground transmitter position signals from at 
position by calculating a difference range equation based on 60 * east one ground transmitter having a known location; 
a first range equation and a second range equation, said first at least one ground transceiver generating corresponding 
range equation being based on a range between said at least ground transceiver position signals from ground trans- 
first transmitter and said object, said second range equation mitter position signals, said ground transceiver position 
being based on a range between said at least first transceiver signals being synchronized to the clock of said at least 
and said object. 65 one ground transmitter; 

3. The system of claim 1, wherein the position of the said object receiving the ground transmitter position sig- 
object includes ranging information of the object. nals and the ground transceiver position signals; and 
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said object determining a position of said object based on 
the ground transceiver position signals, the ground 
transmitter position signals, the known position of the 
at least one ground transmitter and the known position 
of the at ieast one ground transceiver. 5 

13. The method of claim 12, wherein determining a 
position of the object comprises calculating a difference 
range equation based on a first range equation and a second 
range equation, said first range equation being based on a 
range between said at least first transmitter and said object, 10 
said second range equation being based on a range between 
said at least first transceiver and said object. 

14. The method of claim 12, wherein determining a 
position of said object comprises determining ranging infor- 
mation of said object. 15 

15. The method of claim 12, wherein determining a 
position of said object comprises determining a velocity of 
said object, 

16. The method of claim 12, wherein in determining a 
position of the object, said position is a timing coordinate of 20 
said object. 

17. The method of claim 12, further comprising providing 
a synchronization signal to said ground transmitter. 

18. The method of claim 12, further comprising initializ- 
ing each said ground transmitter by providing location 25 
coordinates for said ground transmitter. 

19. The method of claim 12, further comprising said 
ground transmitter calculating its known position based on 
said position signals received from satellites, 

20. The method of claim 12, further comprising initializ- 30 
ing each said ground transceiver by providing location 
coordinates for said ground transceiver. 

21. The method of claim 12, wherein: 

generating corresponding ground transceiver position sig- 
nals generates first, second and third ground transceiver 35 
position signals from a first, second and third ground 
transceiver each having a known location and a clock 
synchronized to the clock of the ground transmitter; 
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said object receiving the first, second, and third ground 
transceiver position signal and determining its position 
based on said ground transmitter position signals, said 
first, second and third ground transceiver position 
signals, the known position of said at least one ground 
transmitter and the known positions of said first, second 
and third ground transceivers. 

22. The method of claim 12, wherein: 

generating ground transmitter position signals comprises 
generating first, second, and third ground transmitter 
position signals by a first, second and third ground 
transmitter, each having a known location; and 

said object receiving the first, second and third ground 
transmitter position signal and determining its position 
based on said ground transceiver position signals, said 
first, second and third ground transmitter position 
signals, the known position of said at least one ground 
transceiver and the known positions of said first, sec- 
ond and third ground transmitters. 

23. The method of claim 12, further comprising: 
receiving, by a base station, the ground transmitter posi- 
tion signals from said ground transmitter; 

said base station calculating a differential correction data 

signals based upon the received ground transmitter 

position signals; 
said object receiving said differential correction data 

signals from the base station; and 
said object determining a position is further based on the 

differential correction data signals. 

24. The method of claim 23, further comprising: 
transmitting, by said at least one ground transceiver, the 

ground transceiver position signals to said base station; 
said base station calculating said differential correction 
data signals based on said ground transmitter position 
signals and said ground transceiver position signals. 

***** 
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